The relationship between various environmental factors and cancer of the colon has received much attention since epidemiological studies correlated the incidence of the disease with the degree of economic development.1 2 The main observable difference among the populations with varied economic development has been their dietary pattern. The hypotheses relating a dietary factor to colon cancer focus on the enzymatic activity of intestinal bacteria. The enzymes supposedly activate an ingested carcinogen, or may produce a carcinogen from dietary components or intestinal secretions. 3 Significant differences have been observed in the faecal flora and bacterial enzyme activity between individuals residing in countries with a high incidence of colon cancer and individuals in countries with low incidence.4 5 This investigation was undertaken to study groups of subjects within a population having a high incidence of carcinoma of the colon, and to observe if similar differences occurred in the faecal flora composition of control groups compared with a group with definite colon carcinoma. Methods The groups studied consisted of 26 control patients (N), 17 cancer of the colon patients (CC), and Received for publication 18 February 1980 20 cancer patients with non-gastrointestinal involvement (NGI) . This study was approved by our hospital Committee on Human Investigation and informed consent was obtained from all subjects. The diagnoses of the NGI group of patients consisted of nine lung cancer, seven breast cancer, and one each of myeloma, ovarian cancer, reticulum cell sarcoma, and an unknown primary site. The N and NGI patients were selected to reflect the age distribution of the CC group. A stool specimen and medical and dietary histories were obtained on all patients. Specimens were collected after initial bowel examinations and before bowel preparation for surgery. No specimens were taken after the patient had received a laxative or enema. Because of the short time interval before surgery, it was necessary to obtain some specimens by digital removal of faeces.
The stool specimen obtained from each patient was transferred to an anaerobic chamber in the laboratory within 15 minutes of elimination. The complete sample was homogenised in a Waring blender and approximately 4 g removed for wet/dry weight determination and I g for serial dilutions. The remainder of the sample was freeze-dried for determination of acid and neutral sterols and is reported elsewhere.6
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Results
Total aerobic and anaerobic bacterial counts, the ratio of the bacterial counts, and the wet/dry ratio of the faeces in the three groups are shown in Table   2 . The total anaerobic mean counts (logl0/g of dry faeces) of the NGI group differ significantly from the N group (11-02 vs. 11.41, p<0.05). No significant variation is observed in the total aerobic mean. The CC and N groups do not significantly differ in either total aerobes or anaerobes.
The anaerobic/aerobic ratio was calculated from plate count totals. The CC group has a significantly lower anaerobic/aerobic ratio compared with the N group (2-42 vs 296, P<005), indicating that the CC patients have a greater predominance of aerobic bacteria.
During the laboratory work-up of the samples it was evident that the NGI and CC stools were usually less formed. The increased moisture content of the stools indicated by the wet/dry weight ratio is statistically significant in both groups when compared with the N group (NGI vs. N, P<005; CC vs. N, P<001), but not when the CC is compared with the NGI.
The bacteria recovered are placed into categories in Table 3 . For each group the recoveries are listed as (a) percentage frequency of recovery, (b) recovered range of the counts, (c) the mean within the range. The frequency of recovery of all the bacterial categories analysed is grossly similar. The range of the recoveries for each category is very wide for each patient group. Comparison of the CC and NGI bacterial categories with those of the N group indicates decreased recovery of (1) anaerobic cocci in the CC group (P<0.05) and (2) Eubacterium in the NGI group (P<001).
The groups of bacteria were subdivided into their respective genus and species, and the incidence of recovery, range and mean studied for genus and species. However, no significant differences were observed in regard to various organisms among the patient groups. 
Discussion
The comparison of the predominant faecal flora of the cancer of the colon patients (CC) and cancer patients with non-gastrointestinal involvement (NGI) with control patients (N) yields many interesting trends and some statistically significant results. As reported by other investigators, we found great diversity in the composition of the faecal flora between individual subjects. 12-14
Hill et al. reported that aerobic bacteria are recovered in greater numbers in stool from subjects residing in countries exhibiting a low incidence rate for colon cancer. '5 In high incidence countries Bacteroides, Bifidobacterium, and Fusobacterium are more predominant and Lactobacillus, Enterococci and Enterobacteria are less predominant.515 It has been postulated that (1) the stool flora from subjects in low incidence countries have less bacterial enzymatic activity for activating or producing carcinogens and that (2) the diet may be the influencing factor causing the variation in intestinal flora and enzyme activity between countries.4
In our study, no differences were observed between the three groups with respect to dietary intake of protein, fat, carbohydrates, fibre, cholesterol, or total calories. All individuals consumed conventional 'western' type diets.6 The bacterial counts indicated that similar totals of anaerobic and aerobic bacteria existed between the CC and N groups. However, the ratio of anaerobic to aerobic bacteria of individual subjects indicated that the aerobic bacteria made up a greater percentage of the bacterial flora in the cancer of the colon patients. This increase in aerobes was produced by the Enterobacteriaceae family having a higher percentage of the total flora in the CC group, while the Eubacterium, Fusobacterium, and anaerobic cocci had a lower percentage.
The hypothesis that the stool flora of individuals in high incidence countries have a greater ability to produce a carcinogen has been advanced by investigations of bacterial enzymatic reactions. The anaerobic bacteria can perform in vitro the types of reactions necessary to produce a carcinogen from bile acids.'6-'8 Lecithinase negative clostridium, particularly strains of Clostridium paraputrificum, are the only bacteria identified in the normal flora capable of some of the required nuclear dehydrogenation reactions.19 Hill and Drasar stated that these organisms are rare in the faeces of people living in areas with low incidence of colon cancer but much more common in faeces from people living in high incidence areas.20 We did not observe any differences in the frequence of any of the Clostridium species in the cancer of the colon group. Other studies comparing high risk to low risk colon cancer groups also have failed to show differences in the levels of Clostridium paraputrificum and related species.2122
Although our data do not support the hypothesis of a positive correlation between Clostridium, Bacteroides, and other anaerobes with an increased risk of colon cancer, our findings are similar to the results of another study involving the faecal flora of colon cancer patients. Johnson, in a preliminary investigation on secondary amine production by gut bacteria, reported a greater logarithmic count of aerobic organisms in faecal specimens obtained from a small sampling of colon cancer patients before surgery as compared with control subjects.23 It was also reported that aerobic bacteria have a greater ability for metabolising choline to secondary and tertiary amines than do Dietary fibre has been mentioned as possibly having a protective effect against colon cancer.2425 The 'western' diet of high incidence countries contains far less fibre than the diets of low incidence countries.2 We have previously reported the effects from fibre supplementation of 'western' diets on dietary patterns and on faecal bacterial flora.13 26 Individuals who increase their fibre intake usually decrease their consumption of fat and cholesterol.26 Along with these dietary changes may be a decrease in the aerobic bacteria of the stool.'3 This raises the possibility that high fibre diets may influence the production of nitrosamines by (1) decreasing the aerobic bacteria population capable of producing secondary amines and/or (2) decreasing the intake of animal fat.
Comparing the NGI faecal flora with the N group also revealed statistically significant differences. The decrease in the anaerobic count and Eubacterium recovery may be related to metabolic changes caused by the presence of cancer. Caution must be observed when interpreting differences in cancer patients, as they may be the result, rather than a causative factor, of the disease. For example, stool from both the CC and NGI groups had a higher wet/dry weight ratio, indicating a greater water content than the control group. Histories of our colon cancer patients revealed that loose bowel movements were not common during the early stages of the disease. Whether this increase in the water content influenced the flora composition is not known.
Sampling bias must also be considered when drawing an inference for the general colon cancer population from the CC group data. Many prospective colon cancer patients were not used in this study, as they passed no stool during the few days available for study between the time of diagnosis and preparation for surgery. Therefore, we were forced to eliminate some of the constipated cancer patients from our colon cancer group.
Another problem in establishing the relationship between bacterial flora and an individual ' In conclusion, the diversity of bacterial flora within the groups studied makes it difficult to detect relationships between intestinal bacteria and colon cancer. Our results suggest that there are alterations within the bacterial flora of cancer patients compared with normal subjects. The colon cancer patients exhibit an increase in aerobic bacteria shown by the anaerobic/aerobic ratio, and a decrease in anaerobic cocci, Eubacterium and Fusobacterium. The results may have clinical significance in regard to the possible production of nitrosamines. However, patients with nongastrointestinal involvement acting as a control for the colon cancer patients also showed alterations in faecal flora compared with the N group, a decrease in total anaerobic bacteria and Eubacterium. This indicates that discretion must be used in analysing data obtained from cancer patients, as the presence of a carcinoma or even the emotional stress33 may be responsible for changes in bacterial flora.
This study was 
